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Community college instructors continue to search for effective instructional
methods that promote student success in developmental mathematics courses such as
intermediate algebra. According to research, mathematics is a major obstacle for students
succeeding, persisting, and completing community college programs. Each student
enrolled in intermediate algebra has an ACT sub-score of 16 to 18 or an ACCUPLACER
sub-score of 57 to 75. Most community colleges in Mississippi use placement testing to
determine the strengths and needs of students. However, students approach math with
high anxiety, more than any other areas, which interferes with their learning.
Research indicates that to improve students’ success and retention in
developmental mathematics, instructors must successfully promote active learning, which
utilizes a variety of teaching techniques to incorporate various learning styles, methods,
and initiatives. The purpose of this study is to determine which instructional method
(traditional lecture, traditional lecture with lab, or online instruction) best tailors or
supports student performance in intermediate algebra. Final letter grades for the
semesters from fall 2014 to spring 2016 and beginning and ending enrollments for each
intermediate algebra class at 2 community colleges in the state of Mississippi were

analyzed, yielding for a quantitative research study. According to the study, 80% of the
students completed intermediate algebra with a grade C or higher in the traditional lecture
with lab courses, while 64% of the students completed intermediate algebra with a C or
higher in the traditional lecture courses, and 50% of the students completed intermediate
algebra with a C or higher in the online courses. However, more students were retained in
the traditional lecture courses (retention rate of 83%). Therefore, this study supports and
recommends the importance of instructional lecture courses in developmental algebra
classrooms. Developmental algebra courses need to be “instructor-taught” courses.
Instructors need to demonstrate and explain the mathematical process for solving
problems while implementing active learning.
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CHAPTER I
INTRODUCTION
The origin of the first community college in the United States dates back to
around 1901 (Cohen, Brawer, & Kisker, 2014). The principles and traditions of the junior
and community college are formulated on the foundation of the public school system.
The community college serves as an instructional pathway between high school and
senior college, preparing and meeting the developmental needs of enrolled individuals
and, most importantly, communities at large (Grubb et al., 1999).
Community and junior colleges in the state of Mississippi have primarily focused
on providing quality and accessible educational opportunities to every individual since
the 1960s (Fatherree, 2010). According to the data provided by the Mississippi
Association of Community and Junior Colleges (MACJC), more than 75,000 individuals
were enrolled across Mississippi’s 15 community colleges in the fall of 2012 (Mississippi
Lifetracks, 2014). Of those, 52% of Mississippi’s first- and full-time community college
students were academically unprepared for college-level courses (Mississippi Economic
Policy Center, 2012). More than 60% of first-time students registered for at least one
developmental course in the fall of 2012 (Mississippi Economic Policy Center, 2012).
Inevitably, community colleges were forced to prepare entering college freshmen for
college-level work and possibly examine current developmental education programs.
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The National Center for Education Statistics (NCES, 2016) defines developmental
education or remediation as “[non-college credit] courses in reading, writing, or
mathematics [designed] for college students lacking those skills necessary to perform
college-level work required by the institution” (p. iii). In comparison to universities,
community colleges are primarily responsible for teaching developmental courses.
However, many developmental courses have multiple levels of remediation. This is most
apparent in the area of mathematics. The Mississippi Economic Policy Center (2012)
states, “Mississippi’s students are more likely to enroll in math remedial courses than any
other subject, and many students require multiple semesters of remedial courses. 19,167
students took a remedial math course in 2011 while 9,371 students took remedial
English.” (p. 11) Students must successfully navigate through two-to-four semesters of
pre-college instruction before attempting the first college-level mathematics course.
Many students drop out before meeting their learning goals (Boggs 2011). Bonham and
Boylan (2012) state that developmental mathematics programs have become “road
blocks” or barriers to students’ success (p. 14). The U.S. Department of Education states
in a report by Noel-Levitz (2006), “…there is no harder course to pass than one in
developmental mathematics. Basic Algebra, in fact, receives top billing in a report from
the U.S. Department of Education on the highest failure and withdrawal rates for
postsecondary courses.” (p. 2) As stated, research shows that developmental mathematics
courses have become a serious concern for students and community colleges, not only in
the state of Mississippi but nationally. Thus, developmental mathematics programs at
many institutions must be redesigned to utilize instructional strategies appropriate for
diverse student learning styles and diverse teaching styles according to the American
2

Mathematical Association of Two Year Colleges (AMATYC, 2006). The AMATYC
(2006) also recommends that instructors “need to do more than teach the same
mathematics again” but implement a curriculum for developmental mathematics that
should do the following:


develop mathematical knowledge and skills so students can successfully pursue
their career goals, consider other career goals, and function as successful citizens



develop students’ study skills and workplace skills to enable them to be
successful in other courses and in their careers



help students progress through their chosen curriculum as quickly as possible.
(p. 41)
The K-12 educational system plays a role in community colleges’ experiencing an

influx of students enrolling in developmental mathematics courses. When observing the
results of the 2014 Mississippi American College Testing (ACT) report, only 12% of the
tested 2014 high school graduates met or surpassed all four of the ACT College
Readiness Benchmarks (ACT, 2014). Conversely, the report also shows that only 21% of
the tested 2014 high school graduates met the ACT benchmark in mathematics. The
Mississippi ACT report provides considerable evidence that mathematics preparation
standards for entering college freshmen are defined as inadequate. Additionally, the
research report shows that only 42% of students leave high school with adequate skills
for college-level work, while 62% of high school graduates are deficient in mathematics
(McCabe, 2000). Kinney (2001) states that students arrive at community colleges with
deficits in mathematics for a variety of reasons including:
1. Students did not take the relevant courses in high school;
3

2. Students took the relevant courses but did not master the content; and
3. Students have forgotten much of the content that they once had mastered.
(p. 10)
Bonham and Boylan (2012) indicate that in order to improve students’ success and
retention in developmental mathematics, instructors must successfully promote active
learning which utilizes a variety of teaching techniques that incorporate various learning
styles, methods, and initiatives.
Theoretical Framework
Community colleges in the state of Mississippi have three main instructional
techniques for developmental mathematics: traditional classroom lecture, laboratory
lecture, and online instruction. However, research indicates that improvements are
needed in the instructional techniques for developmental mathematics (Vasquez Mireles,
2010). The American Mathematical Association of Two-Year Colleges’ (AMATYC,
2006) publication Beyond crossroads: Implementing mathematics standards in the first
two years of college states:
Effective mathematics instruction requires a variety of resources,
materials, technology, and delivery formats that take into account
students’ different learning styles and instructors’ different teaching styles.
Every teaching activity should promote active learning and be guided by
informed decision-making. (p. 51)
Hence, there is an urgency for active learning to be integrated within current instructional
techniques to support completion and retention rates in developmental mathematics. This
4

process of learning redirects the focus from the teacher and course content to the student
and his/her engagement with the assigned materials. As teachers work through active
learning techniques and strategies, “students shed the traditional role as passive receptors
and learn and practice how to apprehend knowledge and skills and use them
meaningfully” (Cohen et al., 2014). AMATYC (2006) provides instructors with a list of
instructional strategies that promote active learning in the mathematics classroom (see
Table 1).
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Table 1
Instructional Strategies That Promote Active Learning








Collaborative/Cooperative Learning
o Provide pairs or small groups of students the opportunity to play a
mathematical game, solve a textbook problem, explain, engage in a
research project, interpret a graph to another student, review another
student’s work, discuss the correct solution, review and critique a video.
o Assign Internet group projects (in or out of class), technology activities
or activities where measurements are taken and analyzed.
o Facilitate informal study groups outside of class.
o Ask students to work in pairs on a homework problem before class
begins.
o Provide a location for group review for an upcoming test.
Discovery-based Learning
o Use student answers to guide classroom discussion.
o Present examples that lead to patterns, which form the basis of
mathematical rules.
o Ask students to discover concepts and patterns.
Interactive Learning and Question-Posing
o Ask students to raise their hand and select the third or fourth hand for a
response.
o Ask all students to solve a problem and then compare their processes
and/or answer with a student nearby.
o Respond to any answer given (right or wrong) and discuss the logical
ramifications of trying to solve the problem using alternative methods.
o Ask questions to guide students to solutions to problems.
o Engage students in activities that lead them to develop conceptual
understandings.
o Ask students to write questions that require explanations.
Writing
o Ask students to write to an absent student explaining the most important
mathematics concept from the days’ lesson.
o Ask students at the beginning of the class to write about what they
learned from doing homework.
o Encourage students to take notes and/or keep track of important
mathematics ideas and problem statements by writing a checklist on the
board or disseminating a fact sheet.
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Table 1 (continued)
o Ask members of a group to describe how to perform mathematical
processes integral to the mathematical concept.
o Include a writing component in homework, student projects,
investigations, and explorations of mathematical concepts.
(AMATYC, 2006, p. 54)

Presenting a study that investigates if active learning is being applied within the
instructional techniques utilized by each community college in the state of Mississippi is
extremely challenging. Therefore, the question proposed for this study became “which
current instructional technique (traditional lecture, laboratory lecture, and online
instruction) best promotes student performance?” Thus, the focus of this study will be on
analyzing the completion rates and retention rates of the current three main instructional
methods used in one developmental mathematics course, intermediate algebra, to
determine which technique is more tailored for student success.
Statement of Problem
Community college instructors continue to search for effective instructional
methods that promote active learning in intermediate algebra. Although several
instructional methods are currently being used, no one method has proven to be the most
effective for intermediate algebra. As previously mentioned by Bonham and Boylan
(2012), in order to improve students’ success and retention in developmental algebra,
instructors must successfully use a variety of teaching techniques that actively involve
students. Current instructional methods for intermediate algebra are deficient in utilizing
7

a variety of learning styles. Thus, the need for more tailored instructional methods that
involve active learning in intermediate algebra defines the problem to be investigated in
this study.
Purpose of Study
The purpose of this study is to examine the effectiveness of current instructional
methods for teaching intermediate algebra (traditional lecture, laboratory lecture, and
online instruction) used in Mississippi community colleges when compared to student
performance and determining if one particular method best tailors to the delivery of
intermediate algebra.
Rationale
Mathematics is a subject area that can be presented in multiple ways. Instructors
are challenged to incorporate several teaching initiatives to adequately deliver
mathematical concepts that promote active learning for student success. The results of
this study can provide Mississippi community college instructors with the knowledge to
enhance the instructional delivery of intermediate algebra.
Research Questions
Community college instructors must answer the following questions in order to
improve performance in preparing students for college-level mathematic courses:
1. Based upon completion rates, which instructional method best tailors to the
delivery of intermediate algebra at community colleges?
2. Based upon retention rates, which instructional method best tailors to the
delivery of intermediate algebra at community colleges?
8

Definition of Terms
1. Active learning: any instructional method that engages students in the learning
process (Bonham & Boylan, 2012).
2. Algorithm: a procedure for solving a mathematical problem in a finite number of
steps that frequently involves repetition of an operation (Vasquez Mireles, 2010).
3. Developmental/Remedial education: coursework that is below college-level
(Pruett & Absher, 2015).
4. Effectiveness: an adjective denoting that a particular action or event is generally
adequate to accomplish some purpose (Scott, Jolivette, Parks Ennis, & Gilkey,
2012).
5. Instructional technique: educational activities which are shaped by instructional
context like learning outcomes, content, and properties of a target group
(Kalelioglu & Gulbahar, 2014).
6. Intermediate algebra: a developmental course that covers linear equations and
their graphs; inequalities and number line graphs; rational expressions; factoring
polynomials; laws of exponents; radicals; & polynomials offered at most
community colleges for students with a sub score of 16 and above on the ACT
(Lial, Hornsby, & McGinnis, 2018).
7. Laboratory instruction: any form of instruction that supplements traditional
lecture with computers and various computer software programs as teaching
strategies to emphasize understanding of concepts and promote active learning
(Spradlin & Ackerman, 2010).
9

8. Learning style: a biologically and developmentally imposed set of personal
characteristics that make the same teaching method effective for some and
ineffective for others (Dunn, Beaudry, & Klavas, 2002).
9. Online instruction: any form of learning in which the teacher is not present at the
same time or place as the student, where instruction is presented through
instructional videos, CD-ROM programs, or interactive “real time” lectures and
office hours online via webcam (Hassenburg, 2009).
10. Passive learning: knowledge is transferred to the student where the responsibility
for learning is with the instructor (Cohen et al., 2014).
11. Traditional instruction: classroom instruction where one teacher interacts with a
number of students, where the students learn by sitting in classrooms, listening to
lectures, watching demonstrations, participating in discussions, reading books,
and written examinations (Cohen et al., 2014).
Chapter Summary
Developmental education has increasingly become one of the most controversial
topics among Mississippi’s 15 community and junior colleges. Community colleges are
held responsible for teaching students college-level material; however, the vast majority
of students enrolling at community colleges are academically unprepared, lacking
fundamental skills in English, reading, and especially mathematics (Bailey, 2009).
According to the MACJC, 51.7% of the first-time community college freshmen enrolled
in developmental math courses in the fall of 2012 (Mississippi Lifetracks, 2014).
Therefore, the purpose of this study is to examine the effectiveness of current
instructional methods for teaching intermediate algebra (traditional lecture, laboratory
10

lecture, and online instruction) used in Mississippi community colleges when compared
to student performance and determining if one particular method best tailors to the
delivery of intermediate algebra.
This research study is comprised of five chapters. Chapter one provides the
introduction to the study. Within the introduction, the statement of problem, rationale for
the study, research questions, and definition of terms are thoroughly explained. Chapter
two presents a review of related literature that addresses the following items: the need
for developmental mathematics courses at community colleges, current instructional
techniques used in developmental mathematical courses, and tailored instructional
techniques used in developmental mathematical courses. Chapter three presents the
methodology used for this study. This chapter includes the research design, population
and sampling procedures, instrumentation, and data collection procedures. The results
and statistical analysis of the study are presented in chapter four, which discusses and
examines the research questions. Chapter five presents a summary of the findings and
implications for the study. Conclusions and recommendations for future research are
discussed in chapter five.
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CHAPTER II
LITERATURE REVIEW
Introduction
The American community college stands on the hierarchy of the educational
system as a college with comprehensive and universal appeal to its population. The
community college is empowered with the freedom to experiment, explore, and evaluate
methods and procedures during the virtual instructional process (Cohen et al., 2014).
Thus, the college is free to disconnect from fundamental and traditional approaches to
teaching and connect to new innovative pathways and learning strategies for the personal,
social, and economic success of each individual served.
Community colleges serve a diverse student population. Doors are open to those
who would not otherwise be able to attend college. Community colleges are first- and
second- and sometimes third- and fourth-chance institutions for those who were not
successful in K-12 schools, those who did not want to or could not afford to move away
from home, and those who did not attend college after high school (Fike & Fike, 2012).
The Community College Research Center (Jenkins, Ellwein, Wachen, Kerrigan, & Cho,
2009) underscores what many in the field have observed and experienced: mathematics is
a major obstacle for students succeeding, persisting, and completing community college
programs. Mathematics courses are required for most academic majors and those who
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enter early career programs. Math is the direct gateway to science, technology,
engineering, and mathematics (STEM) majors.
Students approach math with high anxiety, more than in many other subject areas,
which interferes with their learning. Students delay taking a math class until they are too
far along in their studies, while others are eager to complete the math requirement and
prematurely take classes beyond their capabilities (Donovan & Wheland, 2008). One of
the reasons students approach math with high anxiety is that community colleges teach
mathematics courses from basic arithmetic through college-level courses that cover the
first two years of preparatory content for most majors. The aggregate data on student
performance in community college math courses makes a compelling case for investment
to improve student success.
The lack of student success is acute in developmental math, where the majority of
community college students start. An average of 60% of community college students
enroll in developmental mathematics. That number probably underestimates the need
since many students who are referred to developmental mathematics do not enroll in the
course (Jenkins et al., 2009). A multi-state study of Achieving the Dream colleges by
Jenkins et al. (2009) found only 20% of those who enroll in developmental math went on
to pass the relevant entry-level or “gatekeeper” college course. To improve student
success and completion in community colleges, it is imperative to improve mathematics
instruction.

13

The Importance of Community Colleges to Developmental Education
The Mission of the Community College
The community college is founded on the mission of offering and providing open
access to higher education for all individuals across an array of diversities such as
ethnicity, income, and age. Shannon and Smith (2006) state, “America’s community
colleges have a unique mission to provide open access and affordable education to all
who desire to learn” (p. 15). In comparison, The American Association of Community
Colleges (2014) defines the role and mission of community colleges in this way:
The network of community, technical, and junior colleges in America is unique
and extraordinarily successful. It is, perhaps, the only sector of higher education
that truly can be called a “movement,” one in which the members are bound
together and inspired by common goals. From the very first, these institutions,
often called “the people’s colleges,” have stirred an egalitarian zeal among their
members. The open door policy has been pursued with an intensity and dedication
comparable to the populist, civil rights, and feminist crusades. While more elitist
institutions may define excellence as exclusion, community colleges have sought
excellence in service to the many. (p. 5)
Community colleges have the sole purpose of providing comprehensive opportunities of
the highest quality through academic, vocational-technical, and personal enrichment
programs to all individuals in hopes of meeting local needs at low costs to the students.
Community colleges’ “open door” enrollment policy is criticized many times for
being a revolving door (Boggs, 2011). Over the last decade, economic challenges have
become prevalent in many communities throughout the United States (Mississippi
14

Economic Policy Center, 2012) and especially throughout the state of Mississippi. Major
industries and companies have closed their doors and relocated, leaving thousands of
Mississippi residents without jobs. These massive numbers of unemployed workers are
now turning to community colleges in hopes of seeking knowledge to develop diverse
skills to acquire better jobs. The Mississippi Economic Policy Center (2012) states,
“Mississippi’s community colleges work to build the skills of the current and future
workforce…[and] are a critical resource for the state’s employees and communities” (p.
6).
Characteristics and Demographics of Developmental Education Students
Students who enroll at community colleges represent a vast variety of
backgrounds. Many students are likely to be older and more ethnically diverse when
compared to some enrolled in 4-year institutions. Nationally, community colleges enroll
39% of black undergraduate students, 25% of Hispanic undergraduates, 7% of
Asian/Pacific Islanders, and 29% of Caucasian students (American Association of
Community Colleges, 2014). Because many of these students come from low-income or
educationally disadvantaged backgrounds, one can conclude that without the open door
admission policy, few would be able to attend an institution of higher education.
The percentage of women enrolled at community colleges is higher at 57% than
with men at 43% (AACC, 2014). The percentage of students attending part-time is at
62%, with 38% attending full-time. The national average age of the community college
student is 28, signifying community colleges are serving both traditional and
nontraditional students (AACC, 2014). Community colleges are experiencing an influx of
students underprepared for college. According to the Mississippi Economic Policy Center
15

(2012), 52% of first-time, full-time college students in 2011 at Mississippi’s community
colleges enrolled in at least one developmental education course to raise their skill levels
to what is needed to succeed in college-level courses. This simply means that half of
Mississippi’s first-time college students are entering the doors of the state’s community
colleges without the necessary preparation to succeed in college courses. For this cause, it
is important to know the demographics of the students enrolling in developmental
courses.
According to the Mississippi Economic Policy Center (2012); in the fall of 2011,
over 22,000 students age 21 and older were not prepared for college courses in the state
of Mississippi (see Table 2). Older students are more likely to be married, have children,
be working, and have stepped out of school for an extended period of time. All of these
factors contribute to an added challenge for adult students balancing personal
responsibilities and their courses.
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Table 2
Age of Developmental Education Students in Mississippi Community Colleges
Fall 2011
Students Age
15 – 21 Years

Students Age
22 Years and Older

Total Students
Developmental Courses

64.9%

35.1%

22,413

(Mississippi Economic Policy Center, 2012, p. 8)
Source: Mississippi Community College Board, Division of Research and Planning

In Mississippi, African American students represent 57% of students enrolled in
developmental education courses, while white students account for 38% and other
ethnicities 5% of those enrolled (see Table 3).

Table 3
Students in Developmental Courses by Ethnicity Fall 2011
Other

African American

1,171
12,832
Total Developmental
Education
Enrollment
5%
57%
Share of
Developmental
Education
Enrollment
(Mississippi Economic Policy Center, 2012, p. 8)

White

Total

8,410

22,413

38%

100%

Source: Mississippi Community College Board, Division of Research and Planning

Additionally, the Mississippi Economic Policy Center (2012) compares students who
grow up in impoverished households and attend poor performing K-12 schools to the
students who typically need developmental college courses. “Mississippi’s African
17

American and white children are both vulnerable to growing up in [low economic]
environments, but in 2010, 49% of African American children lived in poverty compared
to 18% of white children, while 57% of African American students enrolled in
developmental courses in comparison to 38% of white students who enrolled in
developmental courses” (p. 8).
Instructors in Developmental Mathematics at Community Colleges
Although community colleges are described as teaching-intensive institutions,
teaching practices of community college faculty have reflected traditional higher
education’s methods, with lecture and demonstration as the mainstays of the classroom.
A major reason for this instructional approach is that the requirement for teaching in
higher education – community colleges and 4-year colleges and universities – focuses on
mastery of the subject rather than mastery of teaching and learning.
Typically math teachers, who understand mathematics and were successful in
their math classes, most often teach the way they were taught. This traditional approach
underestimates the complexity of teaching and learning. This is particularly the case
when teachers are teaching community college students with different socioeconomic,
educational, and mathematical backgrounds, in other words, when mathematicians are
teaching students who have different learning needs (Fike & Fike, 2012).
An advanced degree is considered sufficient preparation for teaching. The
underlying assumption is that someone who knows the content knows how to teach it. In
4-year institutions, this means a doctorate. At community colleges, the minimum is
typically a master’s degree. (Levin & Calcagno, 2008). Close to three-quarters of
community college faculty (71%) have an earned master’s degree and 13% have a
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doctorate (AACC, 2014). The number of faculty with doctorate degrees teaching at
community colleges has been increasing; however, that is unlikely to improve quality of
teaching.
Developmental Mathematics Pedagogy
Instruction is considered the foundation and primary function for all community
colleges and universities (Cohen et al., 2014). Grubb et al. (1999) specifically label
community colleges as “teaching colleges” because community colleges largely focus on
enhancing the quality of education for all learners. Cohen et al. (2014) state, “One of the
most persistent ideas in education is that individualization must be the goal in every
instructional program and how instructional strategy might be tailored to fit each student”
(p. 179-180). However, since most community colleges do not conduct extensive
institutional research, there is little information on the effectiveness of utilizing different
types of teaching techniques to developmental algebra instruction (Cohen et al., 2014;
Grubb et al., 1999).
The traditional instructional method continues to dominate the intermediate
algebra classroom at the majority of Mississippi’s community colleges. Traditional
instruction can be viewed as one teacher interacting with a number of students while
attempting to implement various approaches to teaching (Grubb et al., 1999). Cohen et al.
(2014) state, “Most students still learn by sitting in classrooms, listening to lectures,
watching demonstrations, participating in discussions, reading books, and writing
examinations” (p. 179). However, Zavarella and Ignash (2009) confirm that traditional
instruction or a face-to-face instructional method is the most essential component in the
learning process. With traditional instruction, instructors are able to form a key
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foundation for addressing the learning needs of students. Ashby, Sadera, and McNary
(2011) revealed that traditional instruction is associated with poor performance.
According to Covill (2011), traditional instruction is ineffective because students depend
on the instructors for learning the concepts instead of taking personal responsibility for
active learning. Cohen et al. (2014) add to Covill (2011) by stating that “traditional
institutions are constrained by time, location, bureaucracy, and the customary roles of
faculty and students where the teacher is the bearer of knowledge and the student is a
passive receptacle” (p. 191). These limitations could hinder the learning process (Covill,
2011).
The implementation of computer programs in the traditional classroom is another
approach for teaching intermediate algebra. This approach is called laboratory lecture at
many community colleges. Zavarella and Ignash (2009) explain that the instructor is
actually the facilitator in laboratory-lecture classrooms and provides personalized
instruction and delivers the course content to the students with the aid of computer
software programs. Laboratory-lecture classrooms allow students to traditionally learn
mathematical concepts from the instructor. Afterward, the students can use computer
software programs to access assignments and participate in activities, manipulate
problems, verbalize mathematical processes, and receive immediate feedback about
incorrect and/or correct answers (Bottino, 2004). According to Spradlin and Ackerman
(2010), computer-assisted instructions in lectures are useful for developing the skills of
the students. Laboratory lectures enable instructors to address the various learning styles
and meet the learning preferences of all students.
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Some computer software programs are very detailed in the instructional aspect of
intermediate algebra (Bonham & Boylan, 2012). MyMathLab is a software program from
the textbook publisher Pearson, which provides instruction on algebra concepts,
homework drills, quizzes, and tests. Students have several resources to use when doing
their homework. “Help Me Solve This” is a link that guides students through solving the
problems in step-by-step format. “View an Example” is a link that shows a similar
problem in steps to the problem that the student finds challenging. “Similar Exercise” is a
link that allows students to do the same type of problem on which they might need more
practice multiple times until the concept is mastered. “Animation” is a link that provides
a lecture like a PowerPoint presentation for each section. “Ask My Instructor” is a link
that allows students to email their instructors whenever assistance is needed. “Video
Lectures” is a link that gives the students the opportunity to “listen to an instructor”
explain or teach each mathematical concept in the traditional instructional method
(Bonham & Boylan, 2012). These resources are helpful in aiding the instructors with
instruction and adding active learning into the classroom. Spradlin and Ackerman (2010)
suggest that instructional methods that incorporate various learning styles aid in
improving academic experiences and promote active learning.
Distance education or online instruction has increased rapidly at community
colleges over the last 10 years (Cohen et al., 2014). Online instruction is defined as
presenting educational concepts through instructional videos, CD-ROM programs, or
interactive “real time” lectures online via webcam (Hassenburg, 2009). According to
Hegedus, Dalton, and Tapper (2015), technology-enhanced methods of instruction are
used in the learning environment to support and improve student achievement. Some
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studies state that students who enroll in distance learning or online courses perform as
well as or better than the students in traditional lecture courses (Zavarella & Ignash,
2009). However, several notable studies have shown that online community college
students are less likely to complete courses than students in face-to-face classes, even
after controlling for student characteristics such as level of under preparedness and
student age (Cohen et al., 2014).
The template for creating an online course in intermediate algebra is primarily
standard for all community colleges in Mississippi. Platforms such as Blackboard and
Canvas provide instructional tools for instructors to design an online course. Instructors
can upload all instructional material, such as notes or PowerPoints, create multiple
versions of tests, grade assignments automatically, and give immediate feedback to each
student. Instructors also have multiple methods of communication with the students
(Bonham & Boylan, 2012).
Impact on Retention
A major factor impacting retention rates on community college campuses is the
successful completion of a college level math course for degree and graduation
requirements. However, research shows that mathematics is the most common subject
area in which students is lacking in preparation for college level success. Also, coupled
with the lack of skill preparation is the instructional delivery method for developmental
mathematics. According to Zavarella and Ignash (2009) computer-based and distance
learning instructional delivery programs are high demand options at postsecondary
institutions.
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Distance learning instruction extends all boundaries meeting the needs of
prospective students. Still, there are concerns about the effectiveness of computer-based
instruction addressing varied learning styles and abilities. For retention purposes, it is
important to consider students’ reasons for selecting one method of instructional delivery
over another. The educational level, technology expertise, purpose, and personal
commitment are just a few variables impacting higher education retention issues. Thus,
Mangan (2015) states that the problem with instructional delivery in remedial math
classes is the student lack of confidence and self-esteem. Students placed in remedial
classes become confused and discouraged, and they eventually drop before entering
college-level classes.
Mangan (2015) further states the following:
Students who are placed in catch-up classes in reading, writing, and math often
become discouraged and drop out before they even make it to college-level
classes. While the coursework can be a challenge, they often also simply feel like
they don't fit in or don't see the practical value in remedial education. Many
students in remedial classes are the first in their families to attend college, and
without role models, they may question whether they belong in college. If they do
poorly in a class, what little self-confidence they have may crumble… Providing
peer mentors and service-learning projects can help remedial students stay the
course. (p. 10)
Research by Zavarella and Ignash (2015) concludes that regardless of the delivery
method used in instructional mathematics, a two-way communication system must be
established between teacher and student. Students are more likely to complete math
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course requirements based on good communication, experience with technology and a
personal commitment to success. The authors also exclaim that a high withdrawal rate in
computer-based mathematics implies that computer-based instruction is not a cure-all
teaching method for remedial math courses, it is just an option for some students. Their
research also reveals hidden challenges that double the withdrawal rate for computerbased instruction compared to students enrolled in traditional classroom lecture math
courses. As a final note, Mangan (2015) recommend that before institutions of higher
learning spend time and financial resources developing and increasing distance learning
instructional programs, “institutions should increase communication between themselves
and their students to gain a better understanding of their issues and concerns” (p. 12).
Instructional Strategies to Promote Active Learning
Many institutions have implemented various initiatives utilizing multiple teaching
and learning strategies to help students succeed in mathematics, which defined the theory
for this study. Each person comprehends and understands information in varied ways
(Siddique, Abbas, Riaz, & Nazir, 2014). An article in the California Journal of Science
Education by Dunn, Beaudry, & Klavas (2002) states, “…students’ achievement
increases when teaching methods match their learning styles” (p. 75). Learning styles can
be defined as simply different approaches to learning (Bailey, 2009). Therefore,
instructors must acknowledge that students


are intuitive visual communicators.



learn better by making observations or through discovery; they like doing
things, not just thinking or talking about things.



can shift their attention rapidly from one task to another.
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are able to respond quickly and expect rapid responses in return.



prefer to work in teams. (AMATYC, 2006, p. 53)

Techniques and Theories that Support Active Learning Environments
A primary step for improving developmental mathematics begins with improving
instructional techniques (Vasquez Mireles, 2010). Some community colleges nationally
are incorporating algorithmic instructional techniques (AIT) to teach developmental
mathematics (Vasquez Mireles, 2010). This technique combines several teaching
strategies and utilizes different learning styles. The AIT develops stronger skills in
fundamental mathematics and problem-solving techniques while progressing through
four phases, which are modeling, practice, transition, and independence. Ozgen and
Alkan (2012) state that problem solving is essential in learning mathematics. The AIT
begins with teacher-directed instruction of fundamental concepts and leads to the
development of problem-solving skills in a student-directed learning environment
(Vasquez Mireles, 2010). Vasquez Mireles (2010) also states that the ultimate goal for
this technique is “…to provide a student-centered learning environment where students
gain an understanding of mathematical concepts by creating pertinent algorithms using
problem-solving techniques that are reinforced through carefully developed problems,
including those based on real-world situations.” (p. 84)
Gardner (2006), a psychologist from Harvard, states that students possess different
kinds of minds and learn, remember, perform, and understand in different ways. Gardner
(2006) continues to proclaim that because of these differences, educational systems are
challenged for assuming that everyone can learn the same materials in the same way and
that a uniform and universal measure suffices to test student learning. As a result,
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Gardner (2006) has identified eight distinct learning styles or “intelligences” known as
the Multiple Intelligence (MI) Theory. Armstrong (2009) outlines the following eight
comprehensive categories or intelligences of Gardner’s (2006) MI Theory:
1. Linguistic: The capacity of using words effectively, whether orally or in
writing.
2. Logical-mathematical: The capacity to use numbers effectively and to
reason well.
3. Spatial: The ability to perceive the visual-spatial world accurately and to
perform transformations upon those perceptions.
4. Bodily-kinesthetic: Expertise in using one’s whole body to express ideas and
feelings and facility in using one’s hands to produce or transform things.
5. Musical: The capacity to perceive, discriminate, transform, and express
musical forms.
6. Interpersonal: The ability to perceive and make distinctions in the moods,
intentions, motivations, and feelings of other people.
7. Intrapersonal: Self-knowledge and the ability to act adaptively on the basis
of that knowledge.
8. Naturalist: Expertise in the recognition and classification of the numerous
species – the flora and fauna – of an individual’s environment. (p. 6-7)
The MI Theory opens the door to a wide range of teaching strategies that can be
easily implemented in the classroom; however, no one set of teaching strategies will work
best for all students at all times. Therefore, intermediate algebra needs more initiatives
that involve a multitude of learning styles to increase the quality of instruction (Bonham
& Boylan, 2012).
The Grasha-Reichmann Student Learning Styles Scales (GRSLSS) is also used to
identify the preferences learners have for interacting with peers and the instructor in
classroom settings (Zavarella & Ignash, 2009). The GRSLSS is comprised of six different
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learning styles scales: competitive, collaborative, avoidant, participant, dependent, and
independent (see Table 4). According to Zavarella and Ignash (2009), “these scales
represent a blend of characteristics that are found within each student” (p. 4).
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Table 4
Description of Grasha’s Six Learning Styles
Learning Styles

Characteristics

Competitive

Students who learn material in order to perform better than
others in the class. Believe they must compete with other
students in a course for the rewards that are offered. Like to be
the center of attention and to receive recognition for the
accomplishments in class.

Collaborative

Typical of students who feel they can learn by sharing ideas and
talents. They cooperate with teach and like to work in groups
and teams.

Avoidant

Not enthusiastic about learning content and attending class. Do
not participate with students and teachers in classroom. They
are uninterested and overwhelmed by what goes on in class.

Participant

Good citizens in class. Enjoy going to class and take part in as
much of the course activities as possible. Typically eager to do
as much of the required and optional course requirements as
they can.

Dependent

Show little intellectual curiosity and who learn only what is
required. View teacher and peers as sources of structure and
support and look to authority figures for specific guidelines on
what to do.

Independent

Students who like to think for themselves and are confident in
their learning abilities. Prefer to learn the content that they fell
is important and would prefer to work alone on course projects
than with other students.

(Zavarella & Ignash, 2009, p. 4)
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Chapter Summary
Community college instructors continue to search for effective instructional
methods that promote student success in developmental mathematics courses such as
intermediate algebra. Although several instructional methods are currently being used, no
one method has proven to be the most effective for student success. Research states that
in order to improve students’ success in intermediate algebra, instructors must
successfully use a variety of teaching techniques that actively involve students.
According to research, students who enroll in blended learning environments or lecture
with technology-assisted environments are found to have a better success scores
compared to the students taught in a more traditional or face-to-face method of teaching.
Traditional lectures normally promote passive learning, and students are not actively
engaged in the learning process. The use of technology in teaching allows the teachers
and students to remain actively engaged in the learning process. Active learning utilizes a
variety of teaching techniques that incorporate various learning styles, methods, and
initiatives. Each person comprehends and understands information in varied ways.
Overall, there is limited research that supports one particular instructional method
superior to another in intermediate algebra courses. Conversely, all instructional methods
should promote active learning throughout the classroom.

29

CHAPTER III
METHODOLOGY
Introduction
This chapter summarizes the research methodology that examined the current
instructional methods for intermediate algebra from two community colleges in
Mississippi and determined which instructional method tailored best to student
performance. This study used a causal-comparative design. The research design,
participants and selection procedures, description of instrumentation, data collection
procedures, and the data analysis are included in this chapter.
Design of the Study
The purpose of this study is to examine the effectiveness of current instructional
methods for teaching intermediate algebra (traditional lecture, laboratory lecture, and
online instruction) used in Mississippi community colleges when compared to student
performance and determining if one particular method best tailors to the delivery of
intermediate algebra. Since retention rates and completion rates for intermediate algebra
from two community colleges in the state of Mississippi will be observed, this yields for
a quantitative research study. Creswell (2014) defines quantitative research as “an
approach for testing objective theories by examining the relationship among variables”
(p. 4). This means, in a quantitative study, the variables are measured so that numerical
data will be analyzed using statistical procedures (Creswell, 2014).
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A causal-comparative design was used for this study. Schenker and Rumrill
(2004) define a causal-comparative design as a design generally involving the use of preexisting or derived groups to explore differences between or among those groups on
outcome or dependent variables. Causal-comparative designs seek to establish a causeeffect relationship between two or more variables (Grimshaw, Campbell, Eccles, &
Steen, 2000). Randomization was not applied, thus according to White and Sabarwal
(2014), “a causal-comparative design by definition lacks random assignment; however,
assignment is by means of self-selection or administrator selection” (p. 1). In terms of the
study, students are not randomly selected to take intermediate algebra but are merely
placed in all developmental courses based on ACT sub-scores in mathematics, English,
and science. However, students “self-select” or choose which instructional method and/or
instructor for each course. All three instructional methods serve as independent variables
in this study. Intervening variables are simply factors that the researcher cannot control
and/or measure. For example, each student prepares or studies differently for an exam.
Study time or study preparation could be viewed as an intervening variable. Another
example of an intervening variable would be instructor delivery of the concept. All
instructors “teach” differently; therefore, instructor delivery could be viewed as an
intervening variable. Figure 1 illustrates the independent, intervening, and dependent
variables for this study.
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Figure 1.
Three independent variables influence a single dependent variable mediated by two
intervening variables.
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Research Paradigm
The philosophical basis of assumptions, ideas, and beliefs shape the researcher’s
approach of the study (Creswell, 2014). In this quasi-experimental research design, a
postpositivist worldview was applicable for several reasons. According to Creswell and
Clark (2011), postpositivists embrace a deterministic philosophy in which reasons
determine effects or outcomes. Creswell (2014) gives the following theoretical outlooks
of a postpositivist:
1. Knowledge is conjectural (and anti-foundational) – absolute truth can never be
found. Thus, evidence established in research is always imperfect and fallible.
It is for this reason that researchers state that they do not prove a hypothesis;
instead they indicate a failure to reject the hypothesis.
2. Research is the process of making claim and then refining or abandoning
some of them for other claims more strongly warranted. Most quantitative
research, for example, starts with the test of a theory.
3. Data, evidence, and rational considerations shape knowledge.
4. Research seeks to develop relevant, true statements, ones that can serve to
explain the situation of concern or that describe the causal relationships of
interest.
5. Being objective is an essential aspect of competent inquiry; researchers must
examine methods and conclusions for bias. (p. 7)
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Participants and Selection Procedures
Participants in this study included all students enrolled in intermediate algebra at
two of the fifteen 2-year public community colleges in Mississippi for 2014-2015 school
year and the 2015-2016 school year. However, each community college remained
anonymous but identified as College A and College B when discussing the data collected.
Numeric values were assigned to represent each school year.
Each participating community college provided the following data for each
section of intermediate algebra:
1. Beginning student enrollment
2. Ending student enrollment
3. Number of students who completed intermediate algebra with letter grades C
or higher
4. Number of students who finished intermediate algebra with letter grades
below C
Instrument
The instrument used to gather the data was a modified checklist. This checklist
contained the quantitative data of beginning enrollment, ending enrollment, number of
students with grades C and higher and number of students with grades below C for each
instructional method for each semester between fall 2014 and spring 2016. Data were
collected through each individual college’s Institutional Research department. Table 5 is
a sample of the measurement instrument created for data collection.
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Table 5
Sample of Instrument for Data Collection
Instructional
Method

Beginning
Enrollment

Ending
Enrollment

Number of
Students with
Grades C and
Higher

Number of
Students with
Grades below
C

Data Collection
The researcher applied for IRB approval from Mississippi State University to
proceed with the research study (see Appendix C). Secondly, the researcher completed
the Application to Conduct Statewide Research on MACJC Institutions. Permission was
granted and all data requests were made through emailing each College’s Institutional
Research and Effectiveness department. No identifiable information was recorded on the
checklist. There was no special sampling assignment techniques necessary for this study.
Students not enrolled in intermediate algebra during the designated school years were
excluded from the study. Lists of all instructional methods for intermediate algebra used
at each Mississippi community college during the 2014-2015 school year and the 2015-
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2016 school year were acquired. The data of completion rates was disaggregated with the
appropriate instructional method for analysis.
Data Analysis
The quantitative data collected were analyzed using descriptive statistics such as
mean and standard deviation, along with an analysis of variance (ANOVA). ANOVA
provided methods for comparing the means of more than two populations (Weiss, 2016).
The hypotheses tested are:
𝐻0 : 𝑢1 = 𝑢2 = 𝑢3 (The mean completion rates for each instructional method
equal.)
𝐻𝑎 : 𝑢1 ≠ 𝑢2 ≠ 𝑢3 (Not all the completion rates are equal for each instructional
method; at least two of the means differ.)
The null hypothesis stated that the mean of completion rates for each instructional
method would equal roughly the same percentage, which means that students performed
the same in intermediate algebra regardless of the instructional method. However, the
alterative hypothesis differed by stating that the mean of completion rates would differ
from one instructional method to another instructional method.
Chapter Summary
Chapter three presented a synopsis of the research design and the research
paradigm used in this study. The participants of the study were identified along with the
instrument used to collect the data. The chapter concluded with the specifics on the
study’s data collection procedures and data analysis. The results and statistical analysis of
the study will be presented in chapter four, which will discuss and examine the research
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questions. Chapter five will present a summary of the findings and implications for the
study. Conclusions and recommendations for future research will be discussed in chapter
five.
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CHAPTER IV
RESULTS
Introduction
The data in this study were comprised of final course grades. The letter grades
assigned for the course being analyzed were as follows: A (numerical grade 90 – 100), B
(numerical grade 80 – 89), C (numerical grade 70 – 79), D (numerical grade 60 – 69), and
F (numerical grade 59 or below). The purpose of this study is to examine the
effectiveness of current instructional methods for teaching intermediate algebra
(traditional lecture, laboratory lecture, and online instruction) used in Mississippi
community colleges when compared to student performance and determining if one
particular method best tailors to the delivery of intermediate algebra.
Organization of Data
The data in this study were grouped by the method of instruction and the semester
or term when the course was taught. Courses were taught using three methods: a
traditional lecture with no computer lab component, a traditional lecture with a computer
lab component, and an online lecture/delivery (no traditional lecture). The courses were
taught in an 18-week period.
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Demographic Information
The data were collected from two community colleges in Mississippi for the
prerequisite course, intermediate algebra. Approximately 500 to 600 students enrolled in
intermediate algebra between the fall 2014 and spring 2016 semesters. Each student
enrolled in intermediate algebra either had an ACT sub-score of 16- 18 or an
ACCUPLACER sub-score of 57- 75. Most community colleges in Mississippi use
placement testing to determine the strengths and needs of students. The students in this
study were both traditional and nontraditional students of various ages and ethnicities.
Table 6 shows the demographics of the community college students who were in this
study.
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Table 6
Demographics of the Community Colleges Used in Study Statistics from 2015 – 2016
Variable

College A

College B

Female

57%

60%

Male

43%

40%

African Americans

18%

21%

Caucasians

77%

76%

Hispanics

1%

1%

Others

4%

2%

Under 18

11%

16%

18 – 21

66%

56%

22 – 29

12%

17%

30 and over

11%

11%

Student:Teacher Ratio

23:1

24:1

Total Enrollment

3,569

5,611

Gender

Race/Ethnicity

Age
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Research Question 1
Research Question 1 was to determine which instructional method best tailors to
the delivery of intermediate algebra at community colleges based on completion rates. In
this case, successful completion of intermediate algebra was measured by the overall
grade performance of C or higher. Numerically, a grade of C or higher assigned would be
70 and above. Students who have achieved a grade C or higher promote to the next
mathematics course. Tables 7 – 10 indicate the average number of students initially
enrolled in intermediate algebra and the average number of students who completed
intermediate algebra (beginning and ending enrollments). The percentage of students who
had grades C or higher and the percentage of students who had grades below C for each
instructional delivery method for the semesters fall 2014, spring 2015, fall 2015, and
spring 2016 are also represented in the tables along with the retention rates.
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Table 7
Average Student Enrollment and Percentages for Fall 2014
Instructional
Method
Traditional
Lecture
Courses
(n = 14)
Traditional
Lecture with
Lab Courses
(n = 25)
Online
Instruction
Courses
(n =14)

Beginning
Enrollment

Ending
Enrollment
22

Percentage
of Grades C
and Higher
64%

Percentage
of Grades
Below C
36%

26

Percentage
of Retention
84%

26

19

79%

21%

74%

19

10

52%

49%

50%

Table 8
Average Student Enrollment and Percentages for Spring 2015
Instructional
Method
Traditional
Lecture
Courses
(n = 13)
Traditional
Lecture with
Lab Courses
(n = 17)
Online
Instruction
Courses
(n = 12)

Beginning
Enrollment

Ending
Enrollment
18

Percentage
of Grades C
and Higher
64%

Percentage
of Grades
Below C
36%

22

84%

26

17

78%

22%

66%

20

10

46%

54%

49%

42

Percentage
of Retention

Table 9
Average Student Enrollment and Percentages for Fall 2015
Instructional
Method
Traditional
Lecture
Courses
(n = 12)
Traditional
Lecture with
Lab Courses
(n = 27)
Online
Instruction
Courses
(n = 13)

Beginning
Enrollment

Ending
Enrollment
22

Percentage
of Grades C
and Higher
66%

Percentage
of Grades
Below C
34%

27

Percentage
of Retention
82%

25

18

83%

17%

70%

20

12

53%

47%

65%

Table 10
Average Student Enrollment and Percentages for Spring 2016
Instructional
Method
Traditional
Lecture
Courses
(n = 9)
Traditional
Lecture with
Lab Courses
(n = 15)
Online
Instruction
Courses
(n = 10)

Beginning
Enrollment

Ending
Enrollment
22

Percentage
of Grades C
and Higher
63%

Percentage
of Grades
Below C
37%

27

80%

25

16

76%

24%

65%

23

14

48%

52%

61%

43

Percentage
of Retention

The results indicate that 64% of the students completed intermediate algebra with a grade
C or higher under the traditional lecture method with a standard deviation of +/- 13.75
and n = 48 (number of 48 courses) compared to 80% of the students completed
intermediate algebra with a grade C or higher under the traditional lecture with lab
method with a standard deviation of +/- 13.55 and n = 84 (number of 84 courses). The
results also show that 50% of the students completed intermediate algebra under the
online lecture method with a standard deviation of +/- 26.42 and n = 49 (number of 49
courses). The results of this analysis are shown in Table 11.

Table 11
Completion for Intermediate Algebra with Grade C or Higher

Instructional

Mean (%)

N

Std. Deviation

Method
Traditional Lecture

64.33

48

13.752

Traditional Lecture

79.77

84

13.545

49.88

49

26.415

67.59

181

21.853

with Lab
Online Lecture
Total

Results from the one-way ANOVA indicate that there was a significant difference
in the instructional methods (traditional lecture, traditional lecture with lab, and online
lecture) for intermediate algebra [F (2, 178) = 43.802, p = 0.000]. A Turkey HSD post
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hoc test was performed in order to make pairwise comparisons between groups at the 𝑝 <
.05 level. There were indications of significant differences among traditional lecture (p =
.000), traditional lecture with lab (p = .000), and online lecture (p = .000) based on a
significance level of .05. The results of this analysis are shown in Table 12, Table 13, and
Figure 2.

Table 12
ANOVA Summary Table Regarding Completion of Intermediate Algebra with Grade of C
or Higher

Between
Groups
Within
Groups
Total
*p < .05

Sum of
Squares
28351.288

df

Mean Square
2

14175.644

57606.634

178

323.633

85957.923

180

45

F
43.802

p
.000*

Table 13

Post Hoc Test of Percentage of Completion for Intermediate Algebra with Grade of C or
Higher
Dependent
Variable
Percent of
Students
with a Grade
C or Higher

(I)
Instructional
Method
Traditional
Lecture

Traditional
Lecture with
Lab

Online
Lecture

(J)
Instructional
Method
Traditional
Lecture with
Lab

Mean
Difference
(I – J)
-15.440*

Standard
Error

P

3.255

.000

Online
Lecture
Traditional
Lecture

14.456*

3.653

.000

15.440*

3.255

.000

Online
Lecture
Traditional
Lecture
Traditional
Lecture with
Lab

29.896*

3.234

.000

-14.456*

3.653

.000

-29.896*

3.234

.000

*The mean difference is significant at the 0.05 level.
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Figure 2.
Scatterplot for completion of intermediate algebra with a grade of C or better.

Research Question 2
Research Question 2 was to determine which instructional method best tailors to
the delivery of intermediate algebra at community colleges based on retention rates. In
this case retention was measured by first observing the beginning and ending enrollments
for each section of intermediate algebra from fall 2014 to spring 2016. According to the
data, traditional lecture courses had an average retention rate of 83% (number of courses
= 48; standard deviation = +/- 8.8). The traditional lecture (with computer lab
component) courses had an average retention rate of 69% (number of courses = 84;
standard deviation = +/- 12.2). The online courses had an average retention rate of 56%
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(number of courses = 49; standard deviation = +/- 22.2). The results of this analysis are
shown in Table 14.
Table 14
Retention for Intermediate Algebra from Fall 2014 to Spring 2016
Instructional
Method

Mean
(in percent)

N

Std. Deviation

Traditional Lecture

82.56

48

8.810

Traditional Lecture

69.33

84

12.207

Online Lecture

55.96

49

22.226

Total

69.22

181

17.778

with Lab

The results from the one-way ANOVA indicate that there was significant difference in
the instructional methods for intermediate algebra when observing the completion rates
of a grade below C [F (2, 178) = 43.867, p = .000]. A Turkey HSD post hoc test was
performed in order to make pairwise comparisons between groups at the 𝑝 < .05 level.
There were indications of significant differences among traditional lecture (p = .000),
traditional lecture with lab (p = .000), and online lecture (p = .000) based on a
significance level of .05. Results indicate that 36% of the students completed
intermediate algebra with a grade below C in traditional lecture courses. However, 20%
of the students completed intermediate algebra with a grade below C in traditional lecture
with lab courses and 50% completed intermediate algebra with a grade below C in online
lecture courses. Students with grades below C were retained in the course; however,
those students did not promote to the next mathematics course. Only grades of C and
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higher promoted to the next mathematics course. The results of this analysis are shown in
Table 15, Table 16, and Figure 3.

Table 15
ANOVA Summary Table Regarding Completion of Intermediate Algebra
Sum of
Squares

df

Mean
Square

Between
Groups

28379.885

2

14189.942

Within
Groups

57578.756

178

323.476

Total

85958.641

180

49

F
43.867

P
.000*

Table 16
Multiple Comparisons for Completion of Intermediate Algebra with a Grade below C

Dependent
Variable
Percent of
Students
with a Grade
C or Higher

(I)
Instructional
Method
Traditional
Lecture

Traditional
Lecture with
Lab

Online
Lecture

(J)
Instructional
Method
Traditional
Lecture with
Lab

Mean
Difference
(I – J)
15.438*

Standard
Error

P

3.254

.000

Online
Lecture
Traditional
Lecture

-14.476*

3.652

.000

-15.438*

3.254

.000

Online
Lecture
Traditional
Lecture
Traditional
Lecture with
Lab

-29.913*

3.233

.000

14.476

3.652

.000

29.913

3.233

.000
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Figure 3.
Scatterplot for completion of intermediate algebra with a grade below C.

Chapter Summary
Chapter four presented the results of the statistical analysis along with a
discussion of the data. Research question one was analyzed using basic descriptive
statistics to determine which instructional method tailored best to the completion of
intermediate algebra. Next, a one-way ANOVA was performed to determine significant
differences between each instructional method of students completing intermediate
algebra with grades C or higher. After determining significant differences with the oneway ANOVA, Turkey HSD post hoc tests were performed to distinguish the pairwise
comparisons between groups. Research question two was analyzed using basic
descriptive statistics to determine the average retention rates for each instructional
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method. Next, a one-way ANOVA was performed to determine significant differences
between each instructional method of students finishing intermediate algebra with grades
below C. After determining significant differences with the one-way ANOVA, Turkey
HSD post hoc tests were performed to distinguish the pairwise comparisons between
groups.
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CHAPTER V
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
Introduction
This chapter will include a summary of the results and findings of this study as
presented in chapter 4, including discussion of the results and conclusions. It will also
include possible implications of this research and recommendations for further research.
Summary of the Study
This study was a quantitative study that used student final course grades in a
developmental mathematics course, intermediate algebra from fall 2014 to spring 2016.
The purpose of this study was to determine the effectiveness of current instructional
delivery methods for intermediate algebra (traditional lecture, traditional lecture with lab
component, and online instruction) used in Mississippi community colleges when
comparing to student performance and determining if one particular method best tailors
to the delivery of intermediate algebra. Specifically, instructional methods were analyzed
to determine if there were any significant differences.
Research Question 1: Based upon completion rates, which instructional method best
tailors to the delivery of intermediate algebra at community colleges?
Summary of Results
The first area analyzed by this study was the area of completion. Completion can
be defined multiple ways, but student completion in intermediate algebra is defined as
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successfully passing intermediate algebra with a grade of C or higher in order to progress
to the next level or college algebra course. The final letter grades assigned in each section
of intermediate algebra were totaled, giving a total number of A’s, B’s, and C’s as one
group and D’s and F’s as another group for each semester from fall 2014 to spring 2016.
These final letter grades were grouped by instructional delivery methods (traditional
lecture courses, traditional lecture with lab courses, and online courses) with an 18-week
instructional period (semester). The mean and standard deviation were calculated for each
group of final letter grades (grades C and higher and grades below C). Once these
calculations were completed, a one-way ANOVA test was run to determine if there was a
significant difference in the completion rate of those students in the traditional lecture
courses, traditional lecture with lab courses, and online courses. The average percentage
of students who completed intermediate algebra with a grade of C or higher in the
traditional lecture course was 64%, while 80% completed intermediate algebra in the
traditional lecture with lab courses. However, only 50% of the students in the online
courses completed intermediate algebra with a grade of C or higher. At the 0.05 level of
significance, there was a significant difference among all three instructional methods
indicating that there was a difference in achievement/completion among students in those
courses. The traditional lecture with lab courses had a significantly higher overall
completion rate than the online courses. Traditional lecture with lab courses utilized some
of the objectives of active learning and showed the highest percentage of achievement
and completion for intermediate algebra while online courses showed the lowest
percentage of achievement and completion for intermediate algebra with a grade of C or
higher. The results of this analysis are shown in Figure 4.
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90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Traditional Lecture

Traditional Lecture with Lab

Online

Figure 4.
Percentage of students who completed intermediate algebra with grades C or higher.

Previous Research Comparison
According to Spradlin and Ackerman (2010), computer-assisted instructions in
lectures are useful for developing the skills of the students. Laboratory lectures
(traditional lectures with lab component) enable instructors to address the various
learning styles and meet the learning preferences of all students. Spradlin and Ackerman
(2010) suggests that instructional methods that incorporate various learning styles aid in
improving academic experiences and promote active learning.
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Overall Conclusions and Recommendations
The results of this study showed that more students in traditional lecture with lab
courses completed intermediate algebra with a grade C or higher than the other two
instructional delivery methods (traditional lecture and online). There were significant
differences in the achievement/completion among students enrolled in the traditional
lecture courses, the traditional lecture with lab courses, and the online courses. The
traditional lecture courses and the traditional lecture with lab courses had higher
completion rates than the online courses. This indicates that the students enrolled in the
traditional lecture courses and the traditional lecture with lab courses developed a greater
understanding of the algebraic concepts presented than the students in the online courses.
Traditional lecture courses in community college classrooms with regard to
developmental algebra are important. Algebra is one of those subjects where students
must view examples of the process for solving problems. Algebra is also the subject that
challenges many students. Community colleges teach various algebra concepts, but very
few monitor and observe the students’ understanding before a major test. Many
community college classrooms are structured as a lecture-based environment with little
interaction or involvement with the students. However, developmental algebra
classrooms must incorporate more active-learning environments to aid in teaching
various learners. An article in the California Journal of Science Education by Dunn,
Beaudry, & Klavas (2002) states, “… students’ achievement increases when teaching
methods match their learning styles” (p. 75). The traditional lecture with lab courses
allow the instructor to present the algebraic concepts, then facilitate and observe as the
students practice those concepts on a computer software program. The traditional lecture
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with lab courses utilize MyMathLab, a proprietary course shell created by Pearson
Education. MyMathLab also grades the students’ work in order to provide instant
feedback. However, this study recommends that MyMathLab is utilized as a tool for
instruction but not the main instructional delivery method. The online courses strictly use
MyMathLab as the instructional tool. Students lack an instructor in a developmental math
course to actually demonstrate and teach concepts. This study shows that only 50% of the
students in online courses completed intermediate algebra with a grade C or higher. This
indicates that students who are in a developmental math course like intermediate algebra
must enroll in a traditional lecture course, preferably one with a lab component. The
traditional lecture with lab courses are designed to give the instructor time to observe
individual student’s progress.
Research Question 2: Based on retention rates, which instructional method best
tailors to the delivery of intermediate algebra at community colleges?
Summary of Results
The second area of study was that of student retention. In order to determine the
retention rate for each instructional delivery method, the beginning enrollments and
ending enrollments were analyzed. The ending enrollments were divided by the
beginning enrollments to obtain the proportion or percentage of retention. Of 48 sections
of traditional lecture courses for intermediate algebra, there was a student retention rate
of 83%. Of 84 sections of traditional lecture with lab courses for intermediate algebra,
there was a student retention rate of 69%. Of 49 sections of online courses for
intermediate algebra, there was a student retention rate of 56%. According to the results,
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the traditional lecture courses had the highest student retention rate compared to the
online courses with the lowest student retention rate.
Although successful completion of intermediate algebra consisted of grades C or
higher, the grades below C were retained and observed for each instructional delivery
method. The final letter grades of D’s and F’s were analyzed as grades of failure to
complete intermediate algebra. There are other grades possible (such as I – incomplete
and W – withdrawal); however, they were not well defined, and a student’s retention was
not apparent. For those grades, the student did not complete the course with a letter grade
of A, B, C, D, or F and therefore was not retained. The final letter grades below C were
grouped by instructional methods (traditional lecture courses, traditional lecture with lab
courses, and online courses). The mean and standard deviation were calculated for each
instructional method of final letter grades below C. Once these calculations were
completed, a one-way ANOVA test was conducted to determine if there was a significant
difference in the percentage of students who received a failure grade for intermediate
algebra in each instructional delivery method. The average percentage of students who
finished intermediate algebra with a grade below C in the traditional lecture courses was
36% compared to 20% of the students finished intermediate algebra with a grade below C
in the traditional lecture with lab courses. However, 50% of the students in the online
courses finished intermediate algebra with a grade below C. At a 0.05 level of
significance, there was a significant difference among all three instructional delivery
methods when observing grades below C. The traditional lecture with lab courses had the
lowest rate of students who were retained in intermediate algebra with non-progressing
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grades (grades below C) while compared to the online courses where the highest rate of
students were retained with non-progressing grades (grades below C).
Previous Research Comparison
Traditional instruction can be viewed as one teacher interacting with a number of
students while attempting to implement various approaches to teaching (Grubb et al.,
1999). Cohen et al. (2014) state, “Most students still learn by sitting in classrooms,
listening to lectures, watching demonstrations, participating in discussions, reading
books, and writing examinations” (p. 179). Zavarella and Ignash (2009) confirm that
traditional instruction or a face-to-face instructional method is the most essential
component in the learning process. “Social interaction is an important scale to include in
distance learning research [online courses] because one of the defining characteristics of
distance learning [online courses] is ‘the separation of teacher and student’” (p. 3).
Overall Conclusions and Recommendations
The results of this study showed that the traditional lecture courses had a higher
retention rate than the other two instructional delivery methods (traditional lecture with
lab and online). There were significant differences in the retention rate among the
traditional lecture courses, the traditional lecture with lab courses and the online courses.
The online courses had the lowest retention rate. This indicates that more students were
retained in the traditional classroom environment than the students in the online course
environment.
This study further supports and recommends the importance of instructional
lecture courses in developmental math classrooms in the two Mississippi community
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colleges. Students remained in the courses where an instructor was responsible for
instruction. Online courses had the lowest retention rate at 56%. Literature states that one
of the major issues with online learning is “the separation of teacher and student”
(Zavarella & Ignash, 2009). Developmental math courses must be “instructor-taught”
courses. Instructors must demonstrate and explain the mathematical process for solving
problems. Developmental math online courses have more instructions (words) for how to
solve a math problem instead of detailed demonstration of steps in its solution. In these
courses, students are working independently to achieve success. Once the material
becomes challenging, students have more flexibility to drop the course. The traditional
lecture courses had a retention rate of 83%. Although only those with the grades of a C or
higher moved to the next algebra course, 36% of the students retained finished with a
grade below C. This indicates that students were willing to remain in the traditional
developmental math course to at least hear and obtain notes for the concepts even if they
were not progressing to the next courses. However, the traditional lecture with lab
courses had a slight lower retention rate at 69% when compared to the traditional lecture
courses. One reason for this difference is the difficulty navigating the online environment
(utilizing the computer to complete assignments) which would ultimately cause academic
performance to suffer (reason for withdrawals from the course). However, only 20% of
the students retained received grades below C in the traditional lecture with lab courses.
This indicates that the students who remained in the traditional lecture with lab courses
completed the course with a grade C or higher and withdrew from the course if they did
not have a grade of C or higher.
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Suggestions of Future Research
Initially, this study could be expanded by including data from the remaining
community colleges in the state of Mississippi. This research study only uses data from
two community colleges in the state of Mississippi, and the results and findings are
limited. However, the data collected are comprehensive enough to show a significant
difference in delivery practices of intermediate algebra within the community college
instructional framework. Further research could be implemented to find ways to integrate
active learning strategies into existing instructional methods for intermediate algebra.
Integrating technology (like the lab component courses) serves as a supportive
component to the instructional delivery process, but lacks as a preventive solution for
student retention.
Additionally, it is important to examine not only the final letter grades in math
courses, but also to examine student grades throughout the course to determine if the
changes are localized or consistent. Students’ classroom performance and undeveloped
mathematical skills contribute to a vast and increasing demand to offer remedial
mathematics courses in college. Equally important, it is recommended to examine
possible consistency in relationships between students’ virtual, laboratory, and traditional
performance and other key factors such as prior math classes, placement test scores, final
test scores, teaching methods and practices.
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APPENDIX B
DISSERTATION DATA REQUEST
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Dear Mississippi Community College Colleagues:
My name is Ira Lindsay Kinard. I am writing to inquire if you would be willing to provide the
anonymous data below for my dissertation as one of the seven community colleges that I am
interested in including in my research. Colleges will be listed as College A, College B, etc. I am
collecting data to determine the effectiveness of the current instructional methods for intermediate
algebra at community colleges in Mississippi. The application to conduct statewide research on
MACJC Institutions has been approved by the Mississippi Community College Board and by Mississippi
State University. If you have any questions concerning the study or data request, please contact me
at ilkinard@iccms.edu or at 662-620-5043.

Topic of Study
Intermediate Algebra is a course that can be presented in multiple ways and considered the basic
developmental course for the state of Mississippi. Instructors are challenged to incorporate several
teaching initiatives to adequately deliver mathematical concepts that promote active learning for
student success. My study should answer the following questions:
1. Based upon completion rates, which method of instruction best tailors to the delivery of
intermediate algebra at community colleges?
2. Based upon retention rates, which method of instruction best tailors to the delivery of
intermediate algebra at community colleges?

Intermediate Algebra completion rates and retention rates at your institution




MAT 1234 or MAT 1233 offered in four terms: Fall 2014, Spring 2015, Fall 2015, Spring 2016.
Please include the course number, semester hours, section delivery mode (online, traditional,
or lab). This is used to reference whether it is a three or four-hour course at your institution.
For each course section each term, I need three numbers:
o Beginning enrollment number based billed hours (so that no shows are removed)
o Number of students completing the course with a C or higher
o Number of students completing the course (receiving any grades A through F)

The data could look something like the table below:
Course
and
Course
Number
MAT 1234

Semester
Hours

Section
Delivery
Mode

4

AB2 (lab)

MAT 1234

4

V15 (online)

MAT 1234

3

A3 (no lab)

Term

Fall
2015
Fall
2015
Fall
2015
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Beginning
Enrollment

Completion C
or Better

Completion
of the Course

30

19

24

30

19

24

30

19

24

APPENDIX C
IRB APPROVAL
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From: apb30@msstate.edu [mailto:apb30@msstate.edu]
Sent: Thursday, March 01, 2018 9:23 AM
To: King, Stephanie; Coats, Linda; Fincher, Mark; Johnson, Mitzy
Subject: Approval Notice for Study # IRB-18-092, Tailoring Math Curricula for
Community Colleges: A Process Approach
Protocol ID: IRB-18-092
Principal Investigator: Stephanie King
Protocol Title: Tailoring Math Curricula for Community Colleges: A Process Approach
Review Type: EXEMPT
Approval Date: March 01, 2018
Expiration Date:February 28, 2023
The above referenced study has been approved. To access your approval documents, log into myProtocol
and click on the protocol number to open the approved study. Your official approval letter can be found
under the Event History section. For non-exempt approved studies, all stamped documents (e.g., consent,
recruitment) can be found in the Attachment section and are labeled accordingly.
If you have any questions that the HRPP can assist you in answering, please do not hesitate to contact us
at irb@research.msstate.edu or 662.325.3994.
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